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Abstract 
This research work has evaluated the effects of gibberellic acid, bio-stimulant 
Crop Set, and girdling applied during bloom and post-bloom stages on yield and 
quality of the marketable bunches of seedless grape ‘Catalunha’ in the São 
Francisco River Valley, Northeast of Brazil. The trial was carried on throughout two 
harvest seasons (2001–2002), in the Bebedouro Experimental Field, Embrapa Semi-
Árido, Petrolina-PE, Brazil. The trial was laid out in a randomized complete block 
design with three replicates, each replicate consisting of a four-tree plot. The 
treatments were: one level of gibberellic acid split in five applications (10 + 15 + 15 + 
50 + 50 mg.L-1), two levels of Crop Set (0.1 and 0.2%) and trunk girdling, isolated or 
combined with the other treatments. In 2001, the maximum values for weight, length 
and diameter of berry were observed with girdling + gibberellic acid and girdling + 
gibberellic acid + Crop Set at 0.1% treatments. The treatments girdling and Crop 
Set when applied isolated and/or combined to each other did not increase the berry 
size. In 2002, the treatments girdling + gibberellic acid and girdling + gibberellic 
acid + Crop-Set at 0.2% promoted larger berries, increasing berry length by 32%.  
 
INTRODUCTION 
Grapevine is one of the most important crops in the São Francisco River Valley, 
with an exported volume corresponding to 36.848 t in 2003. In the last years there was a 
great demand for information on seedless grape in this region. The cultivar ‘Catalunha’ 
has many similarities, in terms of morphologic and agronomic characteristics to cultivar 
‘Thompson Seedless’, and the results of genetic similarity through molecular markers 
SSR (Wagner et al., 2003) confirmed that they really are the same cultivar.    
The bunches of ‘Catalunha’ are compact and present small berries, which demand 
practices to improve the berry size and general bunches appearance. The girdling and 
growth regulators can benefit grape bunches, affecting their compactness, fruit set, color, 
ripening and, mainly, berry size. 
Gibberellin is the most important growth regulator widely used all over the world 
for table grapes, especially to increase berry size, promote berry thinning and induce 
seedless. 
The use of gibberellic acid isolated or combined with girdling in ‘Thompson 
Seedless’ is common and well known since a long time ago (Ezzahouani et al., 1985; 
Harrel and Williams, 1987; Zioziou et al., 1999).    
Among the explaining hypotheses for the mechanism that gibberellins stimulate 
cell expansion, the most remarkable is the hydrolysis of starch, which results from the 
production of α-amilase by gibberellins that can enhance sugar production, increasing 
osmotic pressure in cell sap in a way that water gets into the cell, expanding it (Pires, 
1998).  
The citokinins are substances derived from the purin adenin causing cellular 
division in the plants, in general for an interaction with auxins. They are produced in the 
roots and transported to the leaves and redistributed by other organs (Metivier, 1979). 
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Extracts containing citokinins were obtained from more than 50 vegetable species and the 
highest levels are usually found in the organs of the plant where cellular division happens 
(Metivier, 1979; Taiz and Zeiger, 1991). The commercial product Crop-Set (Improcrop-
Kentucky-USA) is a bio-stimulant composed of agave extracts (Yucca shidigera) and 
micronutrients with action similar to the citokinin. Research studies on grapevine refer to 
the use of synthetic substances like CPPU (N-(2-chloro-4-pyridyl)-N’-phenylurea) 
promoting positive effects by increasing berry size and weight, specially when combined 
with gibberellic acid (Saucer et al., 2003; Mervek et al., 2001; Navarrese et al., 2001). 
However, the commercial use of this product was prohibited and nowadays the preference 
is for natural products that contain citokinin.   
This work aimed to evaluate the efficiency of the application of gibberellic acid, 
girdling and bio-stimulant Crop Set, isolated or combined with each other, on the 
improvement of the bunches quality and yield of the seedless grape ‘Catalunha’ in the 
São Francisco River Valley conditions. 
 
MATERIAL AND METHODS   
A trial was carried on throughout two harvest seasons (2001–2002) in a vineyard 
of cultivar ‘Catalunha’, in the Experimental Field of Bebedouro, Embrapa Semi-Árido, in 
Petrolina – PE, Brazil (9º09’ S, 40º22’ W, altitude 365.5 m). 
The climate is classified as Bswh, which corresponds to a very hot semi-arid area, 
with annual medium temperature of 26.4ºC and annual medium rainfall of 562.6 mm.   
The experimental vineyard was planted in December 1997, grafted on ‘IAC 572’ 
rootstock. The trellising system used was the overhead pergola spaced 4.0 m between 
rows and 2.0 m between plants. The vines have been irrigated by one microsprinkler (4 
L/h), between two plants. Water demand was determined by using evapotranspiration of 
reference crop (ETo), adjusted by crop coefficient (Kc) and an adjustment coefficient 
(Kr).  
Pruning was realized with 2-node spurs and 10-node canes. The other cultural 
practices used were those recommended for table grapes cropping in the São Francisco 
River Valley (Leão and Possídio, 2000).  
Treatments consisted in gibberellic acid, trunk girdling and bio-stimulant Crop Set 
isolated or combined with each other in a randomized blocks design with three replicates 
were as follows: 1) Control (C); 2) Girdling (G); 3) Gibberellic acid (GA3); 4) Crop Set 
(CS) 0.1%; 5) Crop Set (CS) 0.2%; 6) Girdling + Crop Set 0.1%; 7) Girdling + Crop Set 
0.2%; 8) Girdling + Gibberellic acid; 9) Gibberellic acid + Crop Set 0.1%; 10) Gibberellic 
acid + Crop Set 0.2%; 11) Girdling + Gibberellic acid + Crop Set 0.1% and 12) Girdling 
+ Gibberellic acid + Crop Set 0.2%. The girdling was made when berries presented 8–9 
mm diameter, removing 4–5 mm ring of bark down in a complete circle around the trunk. 
The gibberellic acid was applied in five stages: 10 mg.L-1 when the bunches had about 2 
cm of length; 15 mg.L-1 in the beginning of flowering; 15 mg.L-1 in full flowering; 50 
mg.L-1 after fruit set and 50 mg.L-1, 7 days after the previous application. Gibberellic acid 
and Crop set were directly sprayed on the bunches at the same time (8–9 mm berry 
diameter).  
The following characteristics were evaluated: yield (t/ha); number of bunches per 
plant; bunch weight (g); weight (g), length (mm), diameter (mm) of berry; rachis and 
pedicels weight (g); content of total soluble solids (TSS-ºBrix); total tritatable acidity 
(TTA-% of tartaric acid) and TSS/TTA ratio.   
Sampling harvests were done in two subsequent yield cycles in 2001 and 2002. 
Statistical analysis of the data was performed using the SAS system (SAS, 1990). 
Analysis of variance was performed using the F test and Tukey test at 5% of probability 
for the comparison among treatment means.   
 
RESULTS AND DISCUSSION 
The data presented in the Table 1 corresponds to the 1st harvest season (2001). The 
treatments Girdling + Gibberellic acid and Girdling + Gibberellic acid + Crop Set 0,2% 
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increased bunch weight, size and weight of berry and rachis weight, compared to the 
other treatments. As it was not observed differences between these two treatments, the use 
of Crop Set was not profitable in the 1st harvest season. Though there was no statistical 
differences among the treatments for yield, Girdling + Gibberellic acid + Crop Set 0.1% 
increased yield by 47% compared to Control.   
In the 2nd harvest season (2002), Girdling + Gibberellic acid and Girdling + 
Gibberellic acid + Crop Set (0.1% or 0.2%) treatments resulted in bunch weight, size and 
weight of berry, rachis weight and yield significantly higher than almost all treatments 
(Table 2). There were no observed differences for bunch weight, berry length and rachis 
weight among those treatments and the gibberellic acid isolated application. Although the 
yield had been very low for all the treatments in this season, the highest value was 
obtained with Girdling + Gibberellic acid, which were 67% higher than the Control.   
The increasing effect of gibberellic acid combined with girdling on weight and 
size of bunches and berries are in agreement with several authors (Saad et al., 1979; 
Ezzahouani et al., 1985; Harrel and Williams, 1987). It was observed a sinergic action 
between Crop Set and gibberellic acid, enhancing effects on berry size.  
The use of girdling and Crop Set applied isolated and/or combined with each other 
was not efficient for increasing the berry size of the cultivar ‘Catalunha’ in the two 
harvest seasons evaluated, being in agreement with several authors working with CPPU, 
citokinin synthetic derived of phenylurea (N-(2-chloro-4-pyridyl)-N’-phenylurea) 
(Retamales et al., 1995; Ben Arie et al., 1997; Leão et al., 1999; Mervek et al., 2001; 
Navarrese et al., 2001; Saucer et al., 2003).   
On the other hand, the results observed with girdling differ from those obtained by 
Harrel and Williams (1987) with the cultivar ‘Thompson Seedless’. 
The raquis and pedicels of the bunches treated with gibberellic acid presented 
higher diameter, and as consequence, weight of bunches were significantly higher than 
the control and the other treatments where the gibberellic acid was not used. Mervek et al. 
(2001), Navarro et al. (2001) and Pires et al. (2003) obtained similar results working with 
CPPU combined with gibberellic acid. The increase on the weight of the rachis and 
pedicels is a result of the higher diameter causing the loss of flexibility of them, which is 
justified by the increase of the peroxidase activity in the pedicels of the berries treated 
with gibberellic acid (Perez and Gomes, 1998). 
Effects of girdling, gibberellic acid or Crop set on the content of total soluble 
solids and acidity of the fruits was not observed. Other authors have not found effects of 
the gibberellic acid or girdling on the chemical composition of the fruits in ‘Thompson 
Seedless’ (Weaver and Pool, 1971; Ezzahouani et al., 1985). However, different results 
were obtained when CPPU was used affecting the chemical composition of the fruit 
(Retamales et al., 1995; Ben Arie et al., 1997; Leão et al., 1999; Mervek et al., 2001; 
Navarro et al., 2001; Pires et al., 2003) The mean TSS/TTA ratio obtained in the 1st 
harvest season was 20.65 that is recommended for table grapes (Codevasf, 1994). In the 
following season, the TSS/TTA ratio was reduced because of the high values obtained for 
total acidity in all the treatments.  
Girdling presented problems for the cut cicatrice recover, possibly because the 
plants were very old and had a large trunk diameter, causing the death of many plants. 
Cirami et al. (1992) mentioned that, when girdling is made successively for many years, it 
can reduce the bunch size and life of the plants. There is a high risk related with the 
girdling practice, so it must be done with caution, being recommended to prefer the use of 
gibberellic acid combined to Crop Set in the conditions of São Francisco River Valley. 
 
CONCLUSIONS 
- The gibberellic acid combined with girdling and bio-stimulant Crop Set promoted 
higher berry size and bunch weight;   
- The rachis of the bunches treated with gibberellic acid presented bigger diameter, 
thickness and weight, without affecting the shape or appearance of the bunches;   
- The girdling cicatrice did not recover completely, resulting in death of some plants;   
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- The gibberellic acid, girdling and Crop Set did not affect the content of total soluble 
solids, total acidity and TSS/TTA ratio;   
- Gibberellic acid + Crop Set 0.1% are recommended to improve the berry size and 
weight of the seedless grape cultivar ‘Catalunha’ in the São Francisco River Valley. 
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Table 1. Means yield (Y), number of bunches per plant (NB), bunch weight (BW), berry weight (BEW), berry length (BEL), berry 
diameter (BD), rachis weight (RW), total soluble solids (TSS) and total tritatable acidity (TTA) at harvesting time (1nd harvest season) 
as function of gibberellic acid (GA3), girdling (G) and Crop Set (CS) applied in the grape seedless ‘Catalunha’, Petrolina-PE, 2001.  
 
Treatments BW (g) 
BEW 
(g) 
BEL 
(mm) 
BED 
(mm) 
RW 
(g) 
Y 
(t/ha) NB 
TSS 
(°Brix) 
TTA 
(%) 
TSS/TTA 
ratio 
Control  198.63 c  2.14 d  17.40 e  15.00 de    6.00 c   8.00 a 33 a 19.00 a 0.92 a 20.60 a 
A  233.60 abc  3.16 bcd  21.00 abcde  16.00 abcd    8.00 bc   9.00 a 33 a 19.00 a 0.80 a 24.56 a 
GA3  312.31 abc  3.89 abc  25.00 abcd  16.20 abc  16.06 ab 14.28 a 45 a 17.43 a 0.84 a 20.70 a 
CS 0,1%  228.49 bc  2.58 d  19.00 cde  15.26 bcde    6.00 c 11.00 a 31 a 18.30 a 0.93 a 19.56 a 
CS 0,2%  185.77 c  2.15 d  20.00 bcde  14.20 e    5.16 c   7.24 a 32 a 19.20 a 0.87 a 22.03 a 
G + CS 0,1%  220.87 bc  2.83 cd  19.26 cde  16.00 abcde    6.00 c 10.08 a 35 a 18.00 a 0.97 a 19.76 a 
G + CS 0,2%  260.63 abc  2.41 d  18.10 de  15.06 cde    5.31 c   9.00 a 32 a 19.23 a 0.94 a 20.46 a 
G + GA3  384.32 a  4.63 a  26.10 ab  17.16 a  20.00 a 14.15 a 33 a 18.40 a 0.94 a 19.80 a 
GA3+ CS 0,1%  275.35 abc  3.93 ab  22.33 abcde  16.10 abcd  12.25 abc 12.18 a 34 a 18.06 a 1.00 a 18.06 a 
GA3 + CS 0,2%  322.91 abc  4.02 ab  25.00 abc  16.16 abc  15.05 ab 13.00 a 30 a 18.40 a 0.95 a 19.30 a 
G + GA3+ CS 0,1%  366.15 ab  4.76 a  27.00 a  17.00 a  17.00 a 15.12 a 31 a 19.00 a 0.88 a 21.53 a 
G + GA3+ CS 0,2%  308.88 abc  4.35 a  25.06 abc  16.73 ab  15.28 ab 12.25 a 30 a 18.20 a 0.85 a 21.46 a 
Mean 274.82 3.40 21.95 15.83 10.91 11.18 33 18.46 0.91 20.65 
C.V. (%) 18.40 10.71 9.90 3.39 27.54 30.92 30.20 5.63 13.56 16.36 
In each column, means proceeded by the same lower letter don’t differ to each other for the Tukey test at 5% of probability. 
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Table 2. Means yield (Y), number of bunches per plant (NB), bunch weight (BW), berry weight (BEW), berry lenght (BEL), berry 
diameter (BD), rachis weight (RW), total soluble solids (TSS) and total tritatable acidity (TTA) at harvesting time (2nd harvest season) 
as function of gibberellic acid (GA3), girdling (G) and Crop Set (CS) applied in the grape seedless ‘Catalunha’, Petrolina-PE, 2002.  
 
Treatments BW (g) 
BEW 
(g) 
BEL 
(mm) 
BED 
(mm) 
RW 
(g) 
Y 
(t/ha) NB 
TSS 
(°Brix) 
TTA 
(%) 
TSS/TTA 
ratio 
Control  117.93 c  1.71 d  16.38 c 13.30 b    4.53 b 2.20 b 17 a 20.20 a 1.02 a 20.04 a 
A  195.45 abc  2.32 abcd  17.42 c   14.52 ab    6.10 b   5.60 ab 21 a 19.40 a 1.02 a 18.94 a 
GA3  274.07 ab  3.30 abc  22.74 ab   15.26 ab  12.38 ab   6.10 ab 21 a 19.16 a 1.03 a 18.58 a 
CS 0.1%  121.55 c  1.80 bcd  15.73 c 13.45 b    4.10 b   3.12 ab 20 a 19.90 a 1.10 a 18.00 a 
CS 0.2%  123.18 c  1.73 cd  15.87 c 13.36 b    4.43 b   2.91 ab 23 a 19.00 a 1.10 a 17.36 a 
G + CS 0.1%  214.90 abc  2.54 abcd  18.66 bc   15.37 ab    6.85 b   5.09 ab 19 a 19.33 a 1.00 a 19.32 a 
G + CS 0.2%  128.38 bc  1.86 bcd  16.54 c   13.94 ab    3.96 b   3.45 ab 20 a 20.10 a 1.12 a 17.91 a 
G + GA3  262.63 abc  3.59 a  23.13 a 16.33 a  12.90 ab 6.75 a 23 a 18.96 a 1.05 a 18.15 a 
GA3+ CS 0.1%  205.54 abc  3.28 abc  22.76 ab   15.68 ab    9.58 ab   5.55 ab 21 a 19.40 a 1.01 a 20.26 a 
GA3 + CS 0.2%  200.01 abc  3.34 ab  22.63 ab   15.56 ab    9.62 ab   5.70 ab 23 a 19.76 a 1.14 a 17.30 a 
G + GA3+ CS 0.1%  295.21 a  3.44 a  22.76 ab   15.84 ab  17.31 a   6.33 ab 18 a 19.36 a 1.16 a 16.68 a 
G + GA3+ CS 0.2%  223.54 abc  3.57 a  23.16 a   15.40 ab  11.13 ab   4.70 ab 18 a 19.10 a 1.10 a 17.30 a 
Mean 196.86 2.71 19.83 14.83 8.57 4.79 20 19.47 1.07 18.32 
C.V. (%) 24.95 19.48 7.35 5.94 35.48 31.48 26.85 4.17 8.54 13.16 
In each column, means proceeded by the same lower letter don’t differ to each other for the Tukey test at 5% of probability 
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